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ABSTRACT 


A  study  was  made  of  methods  for  improving  the  means  of 
estimating  the  expected  number  of  wave  impacts  per  unit  time  of 
the  SWATH  ship  cross-structure.  Two  avenues  were  explored: 

(1)  improvement  of  relative  motion  estimates  by  adding  the  com¬ 
ponents  of  ship-generated  wave  and  diffracted  wave  to  the  Inci¬ 
dent  wave  in  describing  the  free  surface:  and,  (2)  including  a 
limiting  impact  angle  in  the  criteria  defining  the  occurrence  of 
a  slam  in  the  formulation  of  the  level-crossing  definition  from 
which  the  expected  number  of  Impacts  is  derived.  The  results  of 
this  study  show  that  including  the  ship-generated  wave  and 
diffracted  wave  does  not  improve  the  correlation  of  the  computed 
relative  motion  with  results  obtained  from  experiments.  Imposing 
a  limiting  Impact  angle  on  the  definition  of  cross-structure 
slamming,  as  expected,  reduces  the  estimated  frequency  of  slamming. 
Additional  model  experiments  are  recommended  to  obtain  a  more 
definitive  estimate  of  threshold  velocity  and  limiting  impact 
angle  for  estimating  SWATH  cross-structure  slamming  frequencies  of 
occurrence . 


ADMINISTRATIVE  INFORMATION 

This  work  was  performed  under  the  Naval  Sea  Systems  Command  General 
Hydrodynamic  Research  Program  administered  by  the  DTNSRDC  Ship  Performance 
Department.  Funding  was  provided  under  Program  Element  61153N,  Task  Area 
SR0230101,  and  Work  Unit  1562-500. 

INTRODUCTION 

A  potentially  serious  problem  inherent  in  the  SWATH  ship  concept  is  its 
propensity  for  sustaining  wave  impacts  on  the  underside  of  the  structure  con¬ 
necting  the  twin  hulls  while  operating  in  a  heavy  seaway.  The  impacts  not  only 
can  impose  large  tertiary  loads  on  the  local  cross-structure,  increasing  ship 
structure  and  weight,  but  can  also  induce  large  vibrations  and  accelerations 
resulting  in  serious  structural  fatigue  problems.  Recent  experience  suggests 
that  methods  developed  for  monohull  slamming  are  inadequate  for  SWATH  ships. 
This  should  come  as  no  surprise  since  the  monohull  method  was  developed  to  pre¬ 
dict  slams  on  the  ship's  bottom:  whereas,  SWATH  impacts  take  place  on  the  upper 
structure  connecting  the  two  struts.  Obviously,  new  tools  are  needed  by  the 
designer  to  establish  conditions  under  which  wave  impacts  occur,  and  to  deter¬ 
mine  design  parameters  to  ameliorate  and/or  avoid  such  occurrences. 


An  Important  Indicator  of  a  ship's  susceptibility  to  slamming  Is  the  number 
of  occurrences  of  slamming  per  unit  time.  This  not  only  provides  a  relative 
measure  of  the  merit  of  different  SWATH  designs  from  the  perspective  of 
slamming,  but  also  helps  to  Identify  those  factors  Influencing  the  ship's 
slamming  characteristics.  The  occurrence  of  a  cross-structure  slam  Is  dependent 
upon  at  least  three  conditions.  They  are: 

1.  Entry  of  the  cross  structure  Into  the  water  (An  obvious  requirement.) 

2.  An  entry  velocity  exceeding  some  threshold  velocity. 

3.  A  small  angle  between  the  cross-structure  and  free  surface  at 
point  of  Impact. 

As  can  be  seen  from  the  above  criteria,  the  relative  motion  between  the 
point  of  Impact  and  the  free  surface  Is  an  Important  parameter  In  determining 
the  occurrence  of  a  cross-structure  slam.  If  It  Is  assumed  that  the  relative 
motion  and  the  angle  between  the  cross-structure  and  free  surface  at  the  point 
of  Impact  are  stationary  Guasslan  processes,  then  the  number  of  slams  per  unit 
of  time  can  be  determined  from  the  computed  statistical  properties  of  these 
variables.  The  above  assumption  Is  reasonable  In  the  context  of  linear  ship 
motion  theory  even  though  In  reality  the  Impacts  produce  sharp  nonlinear  peaks 
In  the  acceleration.  These  Impacts  occur  In  a  short  Interval  of  time  and  the 
effect  upon  the  ship  displacement  and  velocity  are  minimal. 

Since  it  is  reasonable  to  expect  that  a  more  precise  determination  of  the 
relative  motion  would  provide  a  more  accurate  estimate  of  the  occurrence  of 
slamming,  a  procedure  was  developed  for  including  the  ship-generated  waves  and 
the  diffracted  waves  in  the  computations  of  the  relative  motions.  Routine  com¬ 
putations  only  consider  the  incident  wave  as  part  of  the  free  surface  and 
neglect  ship-generated  waves  and  corresponding  diffracted  waves.  Computations 
were  also  made  to  determine  the  effect  of  assuming  that  impacts  occur  for  a 
limited  range  of  angles  between  the  deck  and  the  free  surface  at  the  point  of 
impact.  This  also  has  not  been  considered  in  routine  computations. 

BACKGROUND 

A  method  for  estimating  the  expected  number  of  slams  per  second  of  a  mono- 
hull  or  conventional  ship's  bottom  was  developed  by  Tlck^ ,  based  upon  the  rela¬ 
tive  bow  motion  and  angle  between  wave  and  keel  at  the  contact  point.  It  was 


assumed  that  the  slam  occurred  when  the  relative  velocity  between  the  bow  and 
the  sea  surface  exceeded  a  critical  amount  at  the  time  of  contact,  the  bow  came 
out  of  the  water  previous  to  contact,  and  the  angle  between  the  wave  and  keel  at 
some  chosen  contact  point  was  small.  In  addition,  the  relative  motion  and  angle 
between  keel  and  wave  were  assumed  to  be  stationary  random  Guassian  processes. 

Ochi  arrived  at  the  same  formulation,  excluding  the  effects  of  limiting  the 
angle  between  wave  and  keel,  by  assuming  a  more  restricting  narrow  band  process, 
and  was  able  to  obtain  other  Important  statistical  properties  of  the  slamming 
phenomenon.  Ochl  was  also  able  to  derive  empirically  a  threshold  velocity  of  12 
ft/sec  (3.7  m/sec)  for  a  520  foot  (158  meters)  Mariner  Class  ship  from  model 
experiments  In  Irregular  waves.  Ochl's  data  are  show  in  Figure  1.  In  a  sub- 
sequent  paper,  Ochl  proposed  that  the  threshold  velocity  of  12  ft/sec  (3.7  m/sec) 
found  for  the  Mariner  Class  be  Froude  scaled  for  ships  of  different  lengths. 

This  Is  the  general  practice  currently  In  use  for  computing  the  expected  number 
of  occurrences  of  monohull  bottom  slamming. 

Application  of  the  above  criteria  to  the  bottom  of  the  deck  structure  con¬ 
necting  the  twin  hulls  of  a  SWATH  ship  has  not  been  verified  and  a  procedure  for 
scaling  the  threshold  velocity  from  the  bottom  slamming  of  a  Mariner  Class  hull 
to  the  cross-structure  of  a  SWATH  ship  is  not  readily  apparent.  Figure  2  shows 
a  plot  of  the  cross-structure  slamming  pressure  variation  with  respect  to  the 
relative  velocity  obtained  from  model  experiments  with  a  1/32  scale  SWATH  T-AGOS 
in  waves.  These  data  show  slams  occurring  at  relative  velocities  as  low  as  1/2 
ft/sec  (.15  m/sec)  at  a  ship  speed  of  3  knots  In  head  waves  and  as  low  as  2 
ft/sec  (.60  m/sec)  at  a  ship  speed  of  8  knots.  The  threshold  velocity  obtained 
by  Froude  scaling  the  value  for  the  Mariner  Class  (based  upon  length)  is  larger 
than  the  velocities  at  which  slams  were  recorded  for  the  T-AGOS  model.  Another 
paradox  Is  that  the  expected  number  of  occurrences  of  slamming  computed  from  the 
relative  motions  and  the  observed  threshold  velocities  do  not  coincide  with  the 
actual  measured  values.  It  Is  quite  evident  that  the  conventional  formulation 
used  In  estimating  the  expected  number  of  occurrences  for  monohulls  Is  not 
directly  applicable  to  the  SWATH  cross-structure  problem,  and  the  influence  of 
other  parameters  such  as  the  angle  between  the  structure  and  free  surface  needs 
to  be  investigated. 

3 


PROBABILITY  OF  SLAMMING  INCLUDING  ANGLE  OF  IMPACT 
Chuang^  developed  a  relationship  between  pressure  and  velocity  for  esti¬ 
mating  maximum  slamming  loads  on  high  speed  craft  which  is  given  by 

Max  pj  =  kpV 

where  k  is  an  arbitrary  constant 

p  Is  the  mass  density  of  the  fluid  and 

V  is  the  velocity  normal  to  the  wave  surface 

The  impact  pressure  pj^  Is  that  part  due  to  the  velocity  component  of  the  craft 
normal  to  the  wave  surface.  The  total  Impact  pressure  Includes  a  contribution 
due  to  the  forward  velocity  of  the  craft.  Of  particular  Interest  is  the  fact 
that  the  constant  k  is  actually  a  function  of  the  Impact  angle,  l.e.,  the  angle 
between  the  structure  and  the  free  surface  at  the  point  of  contact.  Figure  3 
presents  the  relationship  between  the  constant  k  and  the  Impact  angle  5  as 
(“stabllshed  by  Chuang.  Chuang^  has  applied  this  method  to  the  cross-structure 
slamming  of  a  catamaran  with  good  results.  In  this  case,  the  slamming  pressure 
due  to  the  horizontal  velocity  component  of  the  ship  could  be  neglected  without 
scriotis  error  because  of  the  relatively  low  speed  of  the  ship.  Since  the 
cross-structure  of  the  catamaran  is  very  nearly  the  same  as  that  of  a  SWATH 
ship,  it  can  be  reasonably  assumed  that  the  expected  number  of  occurrences  of 
slamming  per  unit  time  is  also  dependent  upon  the  angle  of  impact. 

As  previously  indicated.  Tick  developed  an  analytical  expression  for  com- 
(Hiting  the  expected  number  of  slams  per  unit  of  time  of  a  ship's  bottom  based  on 
the  conditions  that  at  the  time  of  Impact:  the  relative  motion  passes 

through  the  value  -k;  the  relative  velocity  Z^(t)  exceeds  some  threshold  velo¬ 
city  v>0;  and  |i,|<CQ,  where  Kq,  is  the  difference  between  the  angle  of  the  keel 
and  the  slope  of  the  wave  at  the  bow.  It  is  assumed  that  the  relative  motion 
Z^(t)  and  the  angle  C(t)  are  stationary  Guassian  processes.  The  development  is 
a  generalization  of  the  method  of  Rice^  and  establishes  the  probability  of  an 

level  crossing  in  the  interval  between  times  t,  and  t  +  dt,  under  the  specified 
conditions.  In  the  following  notation,  x,.  X2,  X3^  correspond  to  the  relative 
motion,  relative  velocity,  and  relative  angle,  i.e.,  Xj  =  Zj.(t),  X2  =  Z.(t), 

A 


=  C(t).  For  dt  sufficiently  small  Xj(t)  can  be  considered  as  a  straight  line 
in  the  Interval  and 


Xj(t)  =  Xj  (tg)  +  X2  (tgXt  -  t^) 

Then,  if  p(xpX2,X2)  is  the  joint  probability  of  the  random  variables,  the  pro¬ 
bability  of  a  k-crosslng  with  the  required  properties  in  the  interval  dt  is 
given  by 


^2  "  5 

‘t'H: 


f(dt)  =  dt  I  dx^  I  dx2 f  dxj  fCxj,  X2,  X3) 
‘'vq  Xo-X2dt 

and  since  the  integrand  is  continuous  this  reduces  to 

^2 


f(dt)  =  dt 

*'vo 

for  Gaussian  variables 


“M 


dx2X2  f(xo,  X2,  X3) 


f(x2 ,  X2,  X3)  =  - i 


exp(  “^/2Q) 


where 


Q  =  Jaijxixj 


is  the  element  of  matrix  Inverse  to  the  matrix  (o^-j)  of  the  covariances  and  D  is 
the  Determinant  of  the  matrix 

Integrating  the  above  equation  for  the  case  ~ 

Interval  from  0  to  T  gives  the  expected  number  of  slams  in  the  interval. 

Dividing  by  T  gives  the  expected  number  of  slams  per  unit  time 
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variance  of  the  Impact  angle 
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=  y*  |K3(a) 
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=  covariance  between  Zj.(t)  and  5(t) 
00 
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0^2  =  covariance  between  p(t)  and  (t) 


ai)doj 
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S(a))=  Wave  Spectrum 
H(oj)=  Ki(a))K3(a)) 

where  *  denotes  complex  potential 


=  Complex  Response  Operator  for  relative  motion 
K3  =  Complex  Response  Operator  for  Impact  angle 


and 


‘Kx)  =  JL 


2n 


/ 


-y2/ 2  dy 
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If  the  condition  of  small  angle  Is  Ignored  the  above  equation  reduces  to  the 
formulation  currently  in  use  for  monohulls 


1  r  <^221^2  Q-V2  f  1 

nfL^J  ^221 


This  is  derived  by  letting  The  formulation  including  the  influence  of  the 

impact  angle  is  directly  applicable  to  the  cross-structure  slamming  of  a  SWATH 
ship  under  analogous  specified  conditions,  l.e.,  the  cross-structure  enters  the 
free  surface  with  a  velocity  exceeding  some  critical  velocity  and  the  absolute 
value  of  the  angle  between  the  structure  and  free  surface  at  the  point  of  con¬ 
tact  is  less  than  some  value 

Computations  of  the  expected  number  of  impacts  per  unit  of  time  were  made 
for  a  T-AGOS  SWATH  at  the  forward  end  of  the  cross-structure,  in  a  State  7  sea, 
at  a  ship  speed  of  3  knots.  These  computations  were  made  for  a  threshold  velo¬ 
city  of  1/2  feet/sec  (.15  m/sec)  (full  scale)  which  was  predicted  from  model 
experiments  and  a  much  higher  threshold  velocity  of  5  feet/sec  (1.5  m/sec). 

The  impact  angle  in  head  seas  is  given  by 
C  =  0  - 

whare  0  is  the  SWATH  pitch  angle  and 

is  the  wave  slope  at  the  point  of  impact. 

Transforming  the  wave  slope,  u,  at  the  point  of  reference  to  the  point  of  impact 

Is  accomplished  by  the  operator 

2 

=  u  exp(a)  1/g) 

where  1  is  the  distance  along  the  longitudinal  axis  from  the  reference  point  to 
the  point  of  Impact  and  w  is  the  wave  frequency.  The  wave  spectrum  used  in 
these  calculations,  presented  in  Figure  4,  was  that  obtained  from  Program  A  in 
the  Maneuvering  and  Seakeeping  Facility  during  the  experiments.  The 
corresponding  Relative  Motion  and  Pitch  Motion  Response  Operators  used  in  these 
calculations  are  shown  in  Figures  5  and  6. 
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Figure  7  shows  the  variation  of  the  expected  number  of  Impacts  per  hour  as 
a  function  of  the  limiting  Impact  angle.  As  can  be  seen  In  the  figure,  the 
effect  of  imposing  a  bound  on  the  range  of  impact  angles  over  which  a  slam  can 
occur  reduces  the  expected  number  of  Impacts  as  the  range  becomes  smaller. 
Paradoxically,  the  number  of  slams  actually  measured  in  irregular  waves  for  the 
same  conditions  (4  per  hour)  was  considerably  less  than  that  predicted  by  the 
formula  for  any  reasonable  values  of  the  parameters.  The  reason  for  this  is  not 
known  and,  unfortunately,  there  Is  Insufficient  data  available  to  thoroughly 


investigate  this  discrepancy. 


RELATIVE  MOTION  COMPUTATIONS 


Analytical  Development 

Since  relative  motion  Is  an  Important  variable  In  the  determination  of  the 
expected  number  of  Impacts  per  unit  of  time,  an  analytical  procedure  was  deve¬ 
loped  to  Include  ship-generated  waves  and  diffracted  wave  components  In  defining 
the  free  surface  for  relative  motion  computations.  Computational  procedures 
currently  in  use  take  the  free  surface  as  being  the  same  as  that  of  the  Incident 


Lee  ,  et  al.,  have  conducted  extensive  studies  of  the  influence  of  ship¬ 
generated  waves  and  ship-diffracted  waves  in  the  case  of  monohulls  for  points 
contiguous  to  the  hull  surface.  A  similar  analytical  development  for  SWATH 
ships  for  points  slightly  away  from  the  wetted  hull  surface,  i.e.,  along  the 


cross-structure  is  presented  below: 


1 f  we  express  the  total  velocity  potential  with 


<t(x,y,z,t)  =  Re  [<ti(x,y,z)  ^“*^1 


Then,  the  total  wave  height  Is  computed  by  the  following 


~  ~  It  [^<‘)(fi(x,y,o)e 

g  3C  -g 


I#  V 


The  time-independent  velocity  potential  can  be  given  by 


((•(x.y.z)  =  '♦'j  +  '♦'g  (3) 

6 

=  <>1  +  'l>7  + 

where  (|ij  is  the  potential  of  the  incoming  wave  and  is  given  by 

exp  (kz  +  Ikx  co80  -  iky  sln3]  (A) 

“o 

and  ipj  ( j  =  l ,  2 , . . ,  6)  is  the  velocity  potential  arising  from  the  motion  of  SWATH 
ship  with  unit  amplitude  in  each  of  six  degrees  of  freedom,  and  (.1  =  1 , 2 , . . .  ,6) 

the  amplitude  of  motion  in  each  of  six  degrees  of  freedom.  The  diffraction 
potential  Is  expressed  by  'i'y  ,  In  Equation  (4),  A  is  the  amplitude  of  the 
incoming  wave,  its  frequency,  g  is  gravltationat  acceleration,  3  is  the 
angle  of  the  incoming  wave  relative  to  the  OX-axls  (3=0)  following  sea  and 
3=180,  head  sea),  k  is  the  wave  number,  and  i  is  /m.  By  substitution  of 
E(luatlon  (3)  into  Equation  (2),  the  total  wave  height  is  expressed  by 

6 

Ht  =  Re[^  (4>I  +  1-7  +  1  ^i'f'j)®  ]  ^5) 

g  j  =  l 

The  potential  ij-j  is  determined  as  the  solution  of  the  Laplace  equation  with 
appropriate  boundary  conditions.  Using  the  strip  theory,  lij  is  solved  for  j=2, 
3,  4,  and  7  (sway,  heave,  roll  motion,  and  diffraction  potential).  Potentials 
for  pitch  and  yaw  motion  are  given  by 

=  (-X  +  jJU)1»3  (6) 

0) 

‘I'h  =  (x  -  ii’)1^2  (7) 

U) 
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where  U  Is  the  forward  speed  of  the  SWATH  ship  and  ui  Is  the  encounter  frequency. 
The  surge  potential,  i|;^,  is  assumed  to  be  zero. 

g 

The  solution  of  ijij  (j  =  1,  2,  3,  4,  and  7)  has  been  presented  by  Frank 

il*j(y,z)  =  Oj  (n.4)  G  (y,z;n,?)dl  j=2,  3,  4,  7  (8) 

where  oj  is  the  source  strength  distributed  on  the  SWATH  ship's  contour  and  G  Is 
two-dimensional  Green  function  due  to  a  unit  source  on  the  contour.  The  Green 

9 

function,  G,  is  given  by  Wehausen  and  Laltone 

G(y,z:n,C)  =  Ren[log(y+z-n-i4)  -  log(y+lz-n+l?) 

2n 

+  2pv  /e-lk(y+lz-n+l4)^if]  | 

K  -  k  (9) 

-  i  Re[e-ik(y+lz-n+l4)] 

where  (y,z)  is  the  point  where  the  potential  Is  sought  and  (n,4)  is  a  source 
point  at  the  SWATH  ship's  contour.  The  source  strength,  Oj  is  determined  by 

the  body  boundary  conditions  as  follows 

=  -iwn;,  for  j  =  2,  3,  4  (10) 

3n 

=  ,  for  j  =  7 

3n 

where  is  the  component  of  the  unit  normal  vector  directed  into  the  fluid. 


The  absolute  vertical  motion  of  the  SWATH  ship  Is  computed  by 

5v  “  Re[(53  +  yC4  -  x?5)e“^“*^]  (H) 

The  relative  bow  motion  (RBM)  is  simply  the  difference  between 

Equations  (5)  and  (11) 

Zr  =  Cv  -  ’^t 

=  Re  {[^3  +  y54  -  xCs)  - 

g 

In  the  numerical  computation  of  Equation  (12),  the  amplitude  of  motion,  5i , 

Is  computed  with  SWATH  motion  program  and  the  velocity  potential,  i|;^  com¬ 
puted  with  HYDR02  (ship  motion  program)  at  a  given  point  (y,z)  located  outside 
the  wetted  body. 

Comparison  with  Experiments 

A  comparison  of  the  computed  relative  motions  with  experimental  results  for 
three  locations  on  T-AGOS  SWATH  is  presented  in  Figures  8  through  10.  The 
locations  correspond  to  the  forward,  amidship  and  after  portion  of  the  cross- 
structure  along  the  center  line  of  the  ship.  Figure  8  shows  the  computations 
of  relative  motion  In  head  waves  at  a  ship  speed  of  3  knots  with  only  the  Inci¬ 
dent  wave  representing  the  free  surface  and  again  with  all  three  components: 
incident  wave,  ship  generated  wave,  and  diffracted  wave  included.  These  results 
show  that  the  computations  with  just  Incident  waves  are  very  close  to  the  experi¬ 
mental  results  and  paradoxically,  including  the  ship-generated  wave  and 
diffracted  waves,  in  general,  degrades  the  correlation  between  the  computed  and 
experimental  results.  The  same  trend  is  evident  at  a  heading  angle  of  135  degrees 
and  a  speed  of  3  knots  as  shown  in  Figure  9.  In  beam  waves  at  a  speed  of  3 
knots.  Figure  10,  the  incident  wave  was  the  dominant  free  surface  factor  and  the 
ship-generated  waves  and  diffracted  wave  components  had  an  insignificant  effect 
upon  the  computed  results. 


It  is  interesting  to  note  that  Lee,  et  al.,  in  their  more  extensive  studies 
of  the  relative  motion  computations  of  monohulls  concluded  that  there  is  no 
conclusive  evidence  that  the  inclusion  of  diffracted  and  motion-generated  vraves, 
as  computed  by  strip  theory,  improves  the  results.  Apparently,  the  same  conclu¬ 
sion  can  be  made  in  regard  to  SWATH-type  ships. 

SUMMARY  AND  CONCLUSIONS 

An  investigation  was  made  to  improve  methods  for  estimating  the  expected 
number  of  occurrences  of  SWATH  ship  cross-structure  slamming  per  unit  time. 
Slamming  of  the  cross  structure  is  an  Important  consideration  in  the  assessment 
of  the  operability  of  SWATH  ships  in  waves  and  the  number  of  occurrences  per 
unit  time  provides  a  quantitative  measure  of  the  slamming  characteristics  of 
SWATH  ships.  A  method  for  computing  the  number  of  occurrences  of  slams  for 
monohulls  from  relative  ship  motion  has  been  in  use  by  the  ship  designer  for 
many  years.  It  is  essentially  a  level-crossing  problem  based  upon  the  assump¬ 
tion  that  a  slam  occurs  when  the  keel  at  the  point  of  impact,  enters  the  water 
with  a  velocity  greater  than  some  limiting  threshold  velocity.  The  threshold 
velocity  has  been  determined  from  model  experiments  for  a  Mariner  Class  ship  in 
waves.  This  threshold  velocity  is  Froude  scaled  for  ships  of  different  lengths. 

The  same  approach  is  directly  applicable  to  the  cross-structure  slamming  of 
SWATH  ships.  However,  it  is  not  readily  apparent  how  to  scale  a  threshold  velo¬ 
city  value  for  keel  slamming  of  a  Mariner  Class  ship  to  the  cross-structure 
slamming  of  a  SWATH. 

In  addition,  it  is  believed  that  other  parameters  such  as  the  impact  angle 
may  also  govern  the  occurrence  of  a  slam  on  the  SWATH  cross  structure.  Calcula¬ 
tion  of  the  expected  number  of  slams  for  a  SWATH  T-AGOS  from  the  relative  motion 
using  the  lowest  impact  velocity  recorded,  as  the  threshold  velocity  resulted  in 
a  value  much  higher  than  the  observed  value.  It  was  concluded  that  other  para¬ 
meters,  such  as  the  limiting  Impact  angle,  contributed  to  this  discrepancy. 
Calculations  were  made  showing  the  extent  to  which  the  limiting  Impact  angle 
reduces  the  estimated  number  of  occurrences  of  slams,  but  there  was  insufficient 
experimental  data  to  definitively  define  a  limiting  Impact  angle  and,  therefore, 
the  results  of  this  aspect  are  inconclusive. 


since  the  relative  motion  Is  an  Important  parameter  for  estimating  the  fre¬ 
quency  of  slamming,  an  examination  was  made  to  determine  the  effects  of 
Including  ship-generated  waves  and  diffracted  waves  In  the  computation  of  the 
relative  motion.  Strip  theory  was  used  to  compute  the  ship-generated  wave  and 
diffracted  wave  which  was  added  to  the  Incident  wave  In  describing  the  free  sur¬ 
face  away  from  the  hull  at  the  point  of  Impact  of  the  cross  structure.  Compu¬ 
tations  normally  Include  only  the  Incident  wave. 

The  results  of  this  Investigation  showed  that  there  was  no  Improvement  In 
the  computed  relative  motion  (when  compared  to  experimental  results)  by  the 
Inclusion  of  the  ship-generated  wave  and  diffracted  wave  In  the  free  surface 
elevation.  In  the  cases  examined,  the  use  of  the  Incident  wave  alone  gave 
better  results  or  the  same  as  that  obtained  by  Including  the  ship-generated  wave 
and  diffracted  wave. 

In  summary,  the  following  conclusions  can  be  made  based  on  these  studies: 

1 .  The  frequency  of  slamming  of  SWATH  cross-structure  Is  not  only 
dependent  upon  the  relative  motion,  relative  velocity,  and  a  threshold 
velocity  as  In  the  case  of  monohull  keel  slamming,  but  Is  also  dependent 
upon  some  limiting  Impact  angle. 

2.  There  Is  Insufficient  experimental  data  to  establish  limiting  Impact 
angles  for  SWATH  ships  or  other  parameters  Influencing  the  frequency  of 
slamming . 

3.  The  inclusion  of  ship-generated  wave  and  diffracted  wave  in  the  com¬ 
putation  of  relative  motion,  which  is  needed  for  the  estimation  of  the 
frequency  of  slamming,  does  not  improve  the  correlation  with  model 
experiment  results. 

It  can  be  concluded  from  the  above  that  additional  model  experiments  are 
required  on  a  SWATH  ship  to  obtain  data  to  specifically  address  the  problem  of 
estimating  the  expected  number  of  Impacts  per  unit  of  time  by  obtaining.  In  addi¬ 
tion  to  the  customary  measurements,  other  Important  mesurements,  such  as  the 
angle  of  impact. 
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Figure  1  -  Mariner  Class  Slam  Data  (Ochl^) 
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Figure  2  -  Cross-Structure  Slam  Data  for  T-AGOS  SWATH 
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DTNSRDC  ISSUES  THREE  TYPES  OF  REPORTS 

1.  DTNSRDC  REPORTS.  A  FORMAL  SERIES,  CONTAIN  INFORMATION  OF  PERMANENT  TECH¬ 
NICAL  VALUE.  THEY  CARRY  A«CONSECUTlVE  NUMERICAL  IDENTIFICATION  REGARDLESS  OF 
THEIR  CLASSIFICATION  OR  THE  ORIGINATING  DEPARTMENT. 

2.  DEPARTMENTAL  REPORTS,  A  SEMIFORMAL  SERIES,  CONTAIN  INFORMATION  OF  A  PRELIM¬ 
INARY,  TEMPORARY,  OR  PROPRIETARY  NATURE  OR  OF  LIMITED  INTEREST  OR  SIGNIFICANCE. 
THEY  CARRY  A  DEPARTMENTAL  ALPHANUMERICAL  IDENTIFICATION. 

3.  TECHNICAL  MEMORANDA,  AN  INFORMAL  SERIES,  CONTAIN  TECHNICAL  DOCUMENTATION 
OF  LIMITED  USE  AND  INTEREST.  THEY  ARE  PRIMARILY  WORKING  PAPERS  INTENDED  FOR  IN¬ 
TERNAL  USE.  THEY  CARRY  AN  IDENTIFYING  NUMBER  WHICH  INDICATES  THEIR  TYPE  AND  THE 
NUMERICAL  CODE  OF  THE  ORIGINATING  DEPARTMENT.  ANY  DISTRIBUTION  OUTSIDE  DTNSRDC 
MUST  BE  APPROVED  BY  THE  HEAD  OF  THE  ORIGINATING  DEPARTMENT  ON  A  CASE-BY-CASE 
BASIS. 


